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Pull of 
publications
Keywords from the 1st search
Keywords from the 2nd 
search: foscus on sea urchin.
Exclusion criteria:
a) Studies testing temperature à lack
of time.
b)Two-choice experiments à avoid
interference of preference by sea 
urchins.
1882 
publications
143 
publications
1990 
to 
2019
1.Data collection
Table 1. Summary of the publications included in the meta-analysis that
tested sea urchin feeding behavior in macrophyte systems under different
nutrient regimes. Some of the studies included more than one experiment.
“Admission requirements”
1. Primary producer consumed (mean ± SE).
2. Nutrient levels (mean ± SE) à mainly Nitrogen.
3. Nº of replicates.
4. Density of sea urchins.
5. Other experimental manipulations à pH, temperature, etc.
6. Not bare substrate as starting condition.
2.Data extraction 3.Data treatment and 
statistical analysis
EFFECT SIZE
Quantifiying the
”influence” of 
nutrients over sea 
urchin feeding rates.
Log-response ratio
LRR= (Xe/Xc)
Xe à mean consumption
under enhanced nutrients.
Xc à mean consumption
under natural conditions.
Calculated for each study, as
weel as the variance of LRR.
Statistical analysis (meta-
analisys): tests between the
effect size (LRR) and 
variables recorded.
Using “metafor-package” and 
“Lme4” in R.
=
Some tests between the
effect size and categorical
variables such as region, 
the herbivore species, the
season at the end of the
experiemnt, etc, were
impossible to conduct
because of time 
restrictions.
Figure 3.Global distribution of the 9 studies that evaluated sea
urchin herbivory rates under different nutrient regimes. Blue dots
indicating their specific location..
Figure 4. Overall (total macrophytes) and specific effect size for each
macrophyte type (seagrasses and seaweeds) indicated by the black diamond.
Figure 5. Non-significant correlation between the effect
size (LRR) and the percentage of change in nitrogen
(N.change) levels in the experiments.
N. change (%)
Figure 6. Effect of the presence (with epiphytes) or absence (without epiphytes)
of epiphytes on the leaf surface of seagrass individual used on the studies.
Without 
epiphytes 
With epiphytes 
RESULTS
v9 publications that totally fit our
criterion.
vMostly in the North
hemisphere, in temperate
regions (two exceptions in
suptropical zones).
v Increased nutrients have a positive
effect on sea urchin feeding behavior.
v Seagrasses with higher values of effect
size in general than seaweeds.
v No significant correlation (p.value
>0.05) but an increment around 40%
in the N.change between control and
treatment is observed.
v ∼98% of heterogeneity observed (see
Suplementary Material) àlimited number
of studies, differences in sample
procedures, etc.
v Removing epiphytes from seagrass
leaves have an effect on sea urchin
feeding rates under different
nutrient regimes.
Only
6.9%
z
z
z
HERBIVORY
Transfer of 
energy
through
food-web
Limiting
factor when
surpassing
critical
thresholds
of tolerance
OVERGRAZING
Evaluate the
effects of abiotic
stressors (i.e.
nutrient regimes)
on sea urchin
herbivory
dynamics wich
may mediate
when and where
the critical
thresholds for the
ecosystem occur
over different
macrophyte
systems over the
world.
OBJECTIVE
The removal of key predator species by
overfishing is allowing urchin populations to
spread easily, resulting in trophic cascade in
benthic communities causing reductions in
canopy-forming species and promoting the
creation of unproductive barrens.
Classic example of trophic
cascade
Focused on impacts of
herbivores on specific
primary producers,
but…
¿Factors
governing
herbivory
rates?
“The strength of producer-consumer
interactions depends on the environmental
conditions (EC)”
Figure 1. Cases of overgrazing in macrophyte
systems already reported.
Figure 2. Exemples of Mediterranean seaweed communities before
(A), after (B) and while (C) an overgrazing event by sea urchins
outbreaks and subsequent barren formation.
EC such as 
temperature
or nutrient
regimes
determine the
vulnerability
of the
ecosystem to 
critical
thresholds.
A
B
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Publication Authors Year Journal Habitat Location Region Herbivor Primary 
producer
Experimental 
placement
1 Jimenez-
Ramos et al.
2018
Marine 
Ecology 
Progress 
Series.
Seagrass bed. Cadiz bay 
(Spain).
Temperate. Paracentrotus 
lividus.
Cymodocea 
nodosa.
Field 
(enrichment) 
and Laboratory 
(feeding)
2 Jimenez-
Ramos et al.
2017 Plos One. Seagrass bed. Cadiz bay 
(Spain).
Temperate. Paracentrotus 
lividus.
Cymodocea 
nodosa.
Field 
(enrichment) 
and Laboratory 
(feeding)
5 Tomas et al. 2015 Global Change 
Biology.
Seagrass bed. Ria Formosa 
(Portugal).
Temperate Paracentrotus 
lividus.
Cymodocea 
nodosa.
Laboratory
6 Ruiz et al. 2009 Botanica 
Marina.
Seagrass bed. Hornillo bay 
(Spain).
Temperate Paracentrotus 
lividus.
Posidonia 
oceanica.
Field 
7 Valentine et 
al.
2001
Journal of 
Experimental 
Marine 
Biology and 
Ecology.
Seagrass bed.
Saint Joseph 
bay (Florida, 
USA).
Subtropical. Lytechinus 
variegatus.
Thalassia 
testidium.
Field 
8 Cronin et al. 1996 Oikos. Subtidal rocky 
reef.
Radio Island 
Jetty (North 
Carolina, 
USA).
Temperate. Arbacia 
punctulate.
Dyctiota 
ciliolata.
Laboratory
Thalassia 
testidium.
Laboratory
4 Kriegish et al. 2016 Plos One. Subtidal rocky 
reef.
Port Philip 
bay 
(Australia).
3 Boada et al. 2017
Proceedings of 
Royal Society.
Subtidal rocky 
reef.
Catalan coast 
(Spain).
Bailey bay 
(Bermuda). Subtropical.
Temperate.
Paracentrotus 
lividus.
Cystoseira 
mediterranea.
9
McGlathery et 
al. 1995
Marine 
Ecology 
Progress 
Series.
Seagrass bed.
Lyetechinus 
variegatus. Field 
Ecklonia 
radiata.
Temperate.
Heliocidaris 
erythrogramma
.
Field 
Nutrient regimes
could ultimatly
determine the
vulnerability of
submerged vegetation
of both seagrasses
and seaweeds habitats
to herbivore pressure.
But the effect is
dependent on the type
of primary producer.
Seagrasses
Seaweeds
Lower feeding rates
Higher C/N ratio (less
paletable)
Higher feeding rates
More nutritive
Lower feeding rates
Compensatory feeding
Higher feeding rates
Lower C/N ratio (more paletable)
¿WHY?
All about
nutritional
quality
CAUTION !!!
v Overall effect non-
significant.
v 10 experiments of 
seagrasses vs. 3 
experiments of 
seaweeds.
Epiphytes have an important
role modifying grazing
intensity under enhanced
nutrient conditions for
seagrasses.
Control nutrient regime Enhanced nutrient regime
1. Seagrasses seems to be more affected than
seaweeds by changes in nutrient regimes.
2. The same system may be differentialy resilient to
herbivory depending on the inherent conditions of
the environment.
3. How nutrients are affecting herbivory rates
globally still understudied for the main marine
benthic ecosystems.
4. Extremely relevant in the future global change
scenario, with increasing nutrient coastal
flooding, higher temperatures, etc.
5. Temperate seas will suffer strong events of
stratification, hipoxia and poor nutrient zones.
This could expose these macrophyte systems that
are more vulnerable in this situation.
6. Reduce uncertainty in ecosystem change
predictions, focusing on the interacting roles of
environmental regimes instead of their isolated
effects. Study these mechanisms away from the
temperate zone for better ecosystem management.
Some conclusions
Those with epiphytes are consumed
at higher rates due to their higher
nutritional value. In fact, 90% of the
nitrogen assimilated by sea urchins is
supplied by epiphytes.
Those without epiphytes become
more nutritive but there is a need of
consuming at higher rates to
compensate poor nutritional quality
compered to those with epiphytes,
with the opposite situation.
SELECTED REFERENCES
Boada, J., Arthur, R., Alonso, D., Pagès, J. F., Pessarrodona, A., Oliva, S., ... & Alcoverro, T. (2017). Immanent conditions determine imminent collapses: nutrient regimes define the resilience of macroalgal communities. Proc. R. Soc. B,
284(1851), 20162814.
Filbee-Dexter, K., & Scheibling, R. E. (2014). Sea urchin barrens as alternative stable states of collapsed kelp ecosystems. Marine ecology progress series, 495, 1-25.
Jiménez-Ramos, R., Egea, L. G., Ortega, M. J., Hernández, I., Vergara, J. J., & Brun, F. G. (2017). Global and local disturbances interact to modify seagrass palatability. PloS one, 12(8), e0183256.
Ling, S. D., Johnson, C. R., Frusher, S. D., & Ridgway, K. R. (2009a). Overfishing reduces resilience of kelp beds to climate-driven catastrophic phase shift. Proceedings of the National Academy of Sciences, 106(52), 22341-22345.
Pagès, J. F., Smith, T. M., Tomas, F., Sanmarti, N., Boada, J., De Bari, H., ... & Alcoverro, T. (2018). Contrasting effects of ocean warming on different components of plant-herbivore interactions. Marine pollution bulletin, 134, 55-65.
Pinnegar, J. K., Polunin, N. V. C., Francour, P., Badalamenti, F., Chemello, R., Harmelin-Vivien, M. L., ... & Pipitone, C. (2000). Trophic cascades in benthic marine ecosystems: lessons for fisheries and protected-area
management. Environmental Conservation, 27(2), 179-200.
Poore, A. G., Campbell, A. H., & Steinberg, P. D. (2009). Natural densities of mesograzers fail to limit growth of macroalgae or their epiphytes in a temperate algal bed. Journal of Ecology, 97(1), 164-175.
Tomas, F., Romero, J., & Turon, X. (2004). Settlement and recruitment of the sea urchin Paracentrotus lividus in two contrasting habitats in the Mediterranean. Marine Ecology Progress Series, 282, 173-184.
Tomas, F., Turon, X., & Romero, J. (2005). Effects of herbivores on a Posidonia oceanica seagrass meadow: importance of epiphytes. Marine Ecology Progress Series, 287, 115-125.
CHECK ON THE
QR CODE FOR
SUPPLEMENTARY
MATERIAL!
All the figures are made by
Anaïs Barrera Montoro, except
Figure 1 and 2 (Boada Garcia,
2016).
